In this paper, a visual rapid technique is presented for the sign identification of nonlinear refractive index of colloidal nanoparticles based on non-scanning Moiré deflectometry technique. In this method two lasers are used, one as a pump laser beam which causes thermal nonlinear effects in the sample and the second one is used as a probe beam laser which allows us to monitor these effects by Moiré deflectometry technique. The gradient of the nonlinear refractive index produced by the interaction of the pump laser, generates a cylindrical lens in the sample. The concave and convex lenses are produced as a result of negative and positive nonlinear refractive index respectively. Geometrical and experimental investigations show the Moiré fringes are deflected in two different directions by these lenses. By observing the shape of deflected moiré fringes, we can determine the sign of nonlinear refractive index and there will be no need for calibration or complicated calculations. This technique was applied for identification of nonlinear refractive index of Au and Tio 2 colloidal nanoparticles, under 47 mW second harmonic of Nd:YAG laser illumination. The sign of nonlinear refractive index of colloidal Au and Tio 2 nanoparticles were observed to be negative and positive respectively.
INTRODUCTION
The measurement of nonlinear optical parameters of colloidal metallic nanoparticles has recently drawn a lot of attentions because of their fast nonlinear optical response and high nonlinearity ability [1] . Colloidal metallic solutions are frequently used in the design of optical instruments and photonic limiters because of their photo-induced nonlinear properties [2, 3] . There are two standard and usual methods for sign identification of nonlinear refractive index of nanoparticles, Z-scan [4] - [7] and Moiré deflectometry techniques [8] - [13] . In Z-scan method the scanning starts from a distance far away from the focus (negative z) and when the sample is brought closer to the focus, the beam irradiance increases leading to self-lensing in the sample. In a negative nonlinearity a negative self-lensing prior to focus tends to collimate the beam and reduce the diffraction leading to a smaller beam at the aperture and an increased transmittance. As the sample crosses the focal plane to the right (positive z) the diffraction of the beam will be augmented and the aperture transmittance will be reduced due to the same self-defocusing effect. A pre-focal transmittance maximum (peak) and a post-focal transmittance minimum (valley) are, therefore, the representative of the negative sign of nonlinear refractive index. This is apparent from the peak-valley configuration. The Z-scan signature of a positive nonlinearity, following the same analogy, will give rise to an opposite valley-peak configuration. Z-scan method requires sensitive and calibrated detector which makes the accuracy of measurement dependent on the accuracy of detector's response. By using Moiré deflectomety technique, instead of drawing a diagram based on the z dependence of the transmitted fluence, the nonlinear refractive index of materials and its sign is obtained by analyzing the Moiré fringes patterns [14] . It has been shown that Moiré methods applications are simpler and more robust than other methods [15] . Recently, sign identification of third nonlinear refractive index of materials by Moiré deflectometry technique, is obtained by observing Moiré fringes sizes and the Moiré fringes spacing curves [16, 17] . This technique solves the problem of highly calibrated detectors but still the need to use a scanner which is highly sensitive to movements exists.
In the presented method in this paper which is based on Moiré deflectometry technique not only highly sensitive calibrated detectors are not required but also the problem of scanning is solved too and there is no need of scanning excitation beam. In this work two laser beams have been used to sign identify the nonlinear refractive index of Au and Tio 2 nanoparticles suspended in water. The basic idea is to emit a laser beam with a high intensity as a pump beam, to the sample. Emitting this beam causes nonlinear effects in the sample which will lead to changes in the refractive index in the sample environment. An expanded beam of low intensity will be emitted perpendicularly on the pump beam. This probe beam can then determine the sign of nonlinear refractive index with no need for numerical calculations. To generate nonlinear effects in the nanoparticle sample S, a second harmonic Nd:YAG green laser (Laser.2) with the wavelength λ = 532 nm and the power of 47 mW was used . This pump beam is perpendicular to the probe beam.
EXPERIMENTAL SET UP
The lens L 3 with focal length of 250 mm was placed at the back of second grating G 2 . The pinhole P was used at focal plane of Lens L 3 to filter the first diffraction order of gratings. The Moiré fringes patterns were captured by a CCD camera and then transferred to computer (Com).
THEORY
Interaction of the pump laser and colloidal nanoparticles will result in thermal nonlinear effect and this in turn will change the refractive index of interaction zone is changed. The intensity-dependent refractive index n, is defined as [18] :
(1) Where n 0 is the first refractive index, n 2 the second order of refractive index and Ithe intensity of the incident pump beam which causes nonlinear effects. Although the intensity profile of laser is Gaussian, we suppose that the intensity of pump beam is uniform. This assumption does not alter the results.
The difference between refractive index of interaction zone and other area of sample creates a cylindrical lens which is shown in Figure 2 .
According to lens-makers formula, focal length of this lens can be written as [19] :
Where R 1 and R 2 are the first and second radius of a lens respectively and equal to the pump laser beam radius R. By using Eq. (1) with (2), the focal length of cylindrical lens created by the nonlinear effects will be:
Eq. (3) shows that concave or convex lenses are generated as a result of negative or positive nonlinear refractive indexes of sample, respectively. Convergence or divergence of probe beam illuminated on the generated cylindrical lens will determine the sign of nonlinear refractive index. The convergence of the beam corresponds to positive (n 2 >0) and divergence of the beam corresponds to negative (n 2 <0) nonlinear refractive index.
As shown in Figure 1 , to identify the sign of nonlinear refractive index using the Moiré technique, a low intensity wide collimated beam is illuminated on the sample perpendicular to the pump beam. The probe beam is deflected by passing through the pump beam. This deflection is caused by the generated cylindrical lens.
By choosing the appropriate coordinates as shown in Figures 3 to 6 and rotating the grating along the Z axes, we can observe the effect of rotation of the first grating on the deflection moiré fringe patterns. Figures 3 and 4 show the effect of change of first grating angle on the deflection moiré fringe patterns of a sample with negative refractive index while Figures 5 and 6 show this effect for a sample with positive refractive index.
For a sample with negative refractive index By rotating of the first grating angel, θ G1 , to the positive direction (Figure 3(a) ) the moiré fringe patterns are also deflected to the positive direction as shown in Figure 3 (b) and the deflection patterns happen in an opposite direction when θ G1 < 0, (Figures 4(a)  and 4(b) ).
On the other hand for materials with positive refractive index by rotating the first grating in the positive direction, θ G1 > 0, (Figure 5(a) ), the moiré fringes are deflected in the positive After setting the first grating direction θ G1 , and by observing deflected moiré fringes images, the sign of nonlinear refractive index can be determined. If the sample is concave (n 2 < 0), the image of grating lines will recede from the center. On the other hand if the sample is convex (n 2 > 0), the image of grating 
EXPERIMENTAL RESULTS AND DISCUSSIONS
We have examined the Moiré deflectometry technique for measuring the nonlinear refractive index in colloidal Au and Tio 2 nanoparticles. To identify the sign of nonlinear refractive index of the sample, the experiment was set up as shown in Figure 1 , a 15 mW He-Ne laser beam has been used as a guide beam, which is expanded and collimated by lens L 1 , L 2 and a spatial filter and then passes through nanoparticles, which is in a Quartz cell with 10 mm thickness. As the laser beam passes through grating G 1 and G 2 , Moiré fringe patterns are projected on a CCD camera by lens L 3 and recorded by a computer (Figures 7(a) and 8(a) ). A 47 mW second harmonic of Nd:YAG laser is used as a pump, the beam is emitted to the sample . After generating the thermal gradient in the colloidal nanoparticles, the deflection of Moiré fringes will appear. As shown in Figure 7 , the deflected Moiré fringes were determined for Au nanoparticles. By changing the direction of first grating angle for θ G1 < 0 and θ G1 > 0, the deflected Moiré fringes change patterns as shown in Figure 7 (b) and 7(c). Finally by knowing the direction of deflected Moiré fringes and the direction of rotation of first grating angle, the sing of nonlinear refractive index of Au nanoparticles was found to be negative.
Similarly for Tio 2 nanoparticles the deflected Moiré fringes were observed by changing the direction of first grating angle. The results for θ G1 < 0 and θ G1 > 0 are shown, Figure 8 (b) and 8(c) and it was found that Tio 2 nanoparticles have a positive nonlinear refractive index.
CONCLUSION
As shown in this paper, a simple method based on the Moiré deflectometry technique can be used to identify the sign of nonlinear refractive thermal index, caused by the interaction of a laser with the colloidal gold nanoparticles and titanium dioxide nanoparticles in water solution.
The proposed Moiré deflectometry technique is a nonscanning method, and the sign of refractive index can be achieved immediately and in the real time. By visual investigation of moiré fringes deflection, the sign of nonlinear refractive index can be determined. This method is simple, fast and not sensitive to environment noise and vibration.
Also, it does not need calibration or analysis of fringes patterns.
In addition to the sign of nonlinear refractive index, the value of nonlinear refractive index and absorption coefficient of the samples can also be measured based on these deflected Moiré fringes.
